would benefit from herniorrhaphy often have a reducible mass or palpable defect on physical examination, the absence of such a finding does not rule out a hernia. A "hidden hernia" is a clinically significant occult hernia wherein physical examination fails to demonstrate a reducible mass or defect, but a hernia is identified on surgical exploration. 2 Although a hernia repair resolves the patient's presenting symptoms, 3 surgical exploration of every patient with groin or pelvic pain would result in unnecessary procedures. A more definitive diagnosis of hidden hernia requires imaging as part of the workup to confirm the clinical suspicion; this may include ultrasonography (US) of the groin, computed tomography (CT) of the pelvis, and/or magnetic resonance imaging (MRI) of the pelvis. Although imaging is necessary for patients with chronic groin or pelvic pain of an unclear cause, no standard has been established as to the most reliable method of evaluating the groin for hidden hernia. A few recent articles 4, 5 examining the individual roles of US and CT in the diagnosis of hidden hernias concluded that either one is adequate for the imaging diagnosis of hernia. This conclusion implies that patients with negative results of CT or US imaging should not be offered further investigation or surgery; however, most study groups analyze patients with typical (nonoccult) inguinal hernias, which poses a significant bias and thus overestimates the sensitivities of CT and US for detecting all inguinal hernias. 6, 7 As a result, patients with false-negative results of the studies may continue to experience chronic, debilitating groin and pelvic pain without the opportunity for a curative surgical repair of their hernia. Our aim was to determine the comparative usefulness of various imaging modalities in patients with groin pain suggestive of inguinal hernia yet lacking the strong physical examination findings to warrant immediate hernia repair. The ultimate purpose was to provide an algorithm that promotes the opti-IMPORTANCE Occult hernias are symptomatic but not palpable on physical examination. This is more commonly seen with inguinal hernias. Early diagnosis and treatment of occult hernias are essential in relieving symptoms and improving patients' quality of life.
OBJECTIVE To determine the effectiveness of imaging-ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI)-in the diagnosis of occult inguinal hernia. 
Methods
A retrospective review of medical records was performed for all patients referred to a hernia-centric specialty surgical practice from January 1, 2008, to December 31, 2013. This study was approved by the Cedars-Sinai Medical Center institutional review board; a waiver of informed consent was provided. Inclusion criteria included all patients with (1) examination findings suggestive of but not necessarily diagnostic for inguinal hernia (eg, no palpable inguinal defect or reducible mass); (2) imaging of the groin and/or pelvis with US, CT, and MRI; and (3) an operation to address the groin or pelvic pain. Demographic and physical examination findings were recorded. All imaging studies were independently analyzed by study staff (J.M. and R.S.) without knowledge of the operative findings.
Sensitivity, specificity, and positive and negative predictive values for diagnosis of occult inguinal hernia were calculated for each imaging modality (US, CT, and MRI). In circumstances of missed diagnosis of occult inguinal abnormalities when multiple imaging studies had been performed, a comparison was made to determine the ideal modality for evaluation.
Results
During the study period, 322 patients were evaluated for groin or pelvic pain suggestive of inguinal abnormalities. Of these, 224 patients underwent surgical exploration of at least 1 inguinal region. Seventy-six patients (126 inguinal regions) met all of the inclusion criteria: clinical suggestion of inguinal hernia, preoperative imaging, and surgical exploration. The mean patient age was 53.1 years with a male to female ratio of 1.0:1.4. Among these patients, 36 individuals (47%) presented without typical physical examination findings of inguinal hernia (ie, no palpable inguinal defect or reducible mass), representing 59 inguinal regions (47%). This subset of individuals with potential hidden hernias had a mean age of 48.5 years and male to female ratio of 1.0:3.0.
Of the 126 inguinal regions evaluated with preoperative imaging, 18 US studies, 99 CT studies, and 45 MRI studies were acquired. Magnetic resonance imaging demonstrated the greatest sensitivity, specificity, and negative predictive value ( Table 1) . Positive predictive values were comparable. The only patient with false-positive MRI findings was found to have a surgically correctable abnormality at exploration (fascial tear of external oblique), and no inguinal hernia was observed.
Among the 59 inguinal regions that lacked typical physical examination findings diagnostic of inguinal hernia, 9 US studies, 39 CT studies, and 34 MRI studies were acquired. Magnetic resonance imaging remained the most sensitive imaging study for diagnosis of occult inguinal hernia ( Table 2) .
A total of 19 inguinal regions without typical examination findings for hernia were evaluated by more than 1 imaging modality. Of the studies with false-negative CT results, MRI evaluation resulted in correct (true positive) identification in 10 of 11 groins (91%) (Figure 1 and Figure 2 ).
Discussion
Most patients with symptomatic inguinal hernias do not require preoperative imaging because physical examination find- Axial CT through the pelvis is nondiagnostic for an operatively confirmed right inguinal hernia.
defined algorithm for the evaluation of hidden hernias. We believe that imaging should be an integral part of this algorithm; thus, it is important to determine the optimum imaging modality depending on the clinical presentation and examination findings. We share the comparative performance of US, CT, and MRI in the evaluation of patients with groin and pelvic pain, with special focus on those with hidden hernias. Most current texts and hernia references 8, 9 recommend only US and CT as modalities for evaluation for hernias, especially those not readily evident on physical examination. Herniography has fallen out of favor with most practices. Magnetic resonance imaging is generally not considered a first-or even second-line evaluation modality for hernias; some authors 10 have suggested that, although MRI is likely more effective than the alternative imaging techniques, the theoretical improvement is not enough to justify the increased expense.
The current recommendation for the treatment of occult groin or pelvic pain without diagnostic imaging findings is watchful waiting.
11 Most patients are offered trials of nonsurgical options, such as pain management, physical therapy, and hormonal suppression for some women. This practice relies on the supposition that US or CT imaging is diagnostic for groin abnormalities and that no further intervention is necessary if the results are negative. In our practice, which is a referral center exclusively for hernia-related conditions, we commonly see patients with extensive prior workup consisting of multiple imaging studies with negative results collected over many years. Most of these patients have not been offered surgical exploration, which may have definitively treated their chronic groin and pelvic pain. In our experience, MRI has allowed us to more accurately diagnose inguinal hernias in these patients 4, 5 and offer curative herniorrhaphy.
Analysis of our experience confirms this suspicion. Magnetic resonance imaging is by far the most sensitive, specific, and reliable modality to diagnose inguinal hernias. This compares with the very low performance of CT. Ultrasonography historically has been the first line of approach for evaluation of inguinal hernias. Our data show that US may be a good first- 
